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^= (54) Title: SEMICONDUCTOR MATERIAL AND SEMICONDUCTOR DEVICE USING SAME 
g (54)|g^a)««^: ^»ft«3|^ifecfct/Z+L^ffllNfc^Wft^^ 

(57) Abstract: Disclosed is a low-resistance 
p-type ZnS semiconductor material which easily 
forms an ohmic contact with a metal material. 

Also disclosed are a semiconductor device and 
semiconductor light-emitting device having a 
low-resistance electrode on a substrate such as 
a glass substrate which is other than a siagle 
crystal substrate. Specifically disclosed is a 
semiconductor material to be used as a hole 
injection electrode layer of a light-emitting 
device, which semiconductor material is 
transparent to light in the visible region and 
has a composition represented by the formula: 
2^n(i.a-jS.r)C^UaMgj8Cd,.S(i.x.y)SexTey (0.004 S 
a ^ 0.4, P S 0.2, r ^ 0.2, 0 ^ X ^ 1, 0 ^ 
y ^ 0.2, X + y ^ 1). 

o (57) ^m^mt(D:ir-^^:^<7mm^< 

^ Afflmajfi: LXmi^ibtl^mfS,AZn n-a-^-r) Cu^Mg^Cd^S (1-x-y) SCxTCy (0.004^ Of ^0.4. ^0.2. r^O.2. 

^0£x£l. O^y^O.2. x + y£i)-e^$+iSpr««fc23ttt$^-r^¥W*ttt*4-efc^o 




wo 2005/076373 



1 



PCT/JP2005/001596 



m m m 

[0001] ^^mmi-i. -^mi^^uPt^xxj^^ti^m^^^ti'^mi^m^i^T!)^^^^. mziznse. zns 

[0002] ZnS , ZnSe^^#:}*, ^tl^n^^l^}^^^^-y^^X^3.7. 2.7eV^^L. \/^t?i§>^X7 

n^^wxh^o MBEmnm^^M^&^ii^mti-^m^i^^ixh'o. mi^^/^(Dm 
m^ti:^ma^mm^mm^tifc9i^:fy/]^M7!)^^''mxh^^t^^h^mm^^m^^ 

i^tix\^ ^^(D^^m^xh^o 

[0004] *fc. mi|^(Dp-ZnSe{*^^yT^iS;aS+5^i^</^V>fcJ?)}^m^^^M^fflV>T:^— 5: 

tp-ZnSem (-pMISffi^lb^S^^^^ZnTe^ffl V >fc#*^#F (MQW) «it^?f^;5fe 

ir^fi:H(Dmm7i>mm^tix^fti^^.^(Dmm:i^n^i^^—/vmm±i^x-Dxmi¥ 
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[0005] ZnS f*-^(Dttm^^^-hiSffi^^/V=¥— ;6SZnSeJ;^)$^>(i??il<. ZnSeJ;«9^^(^pM^g:® 
^>fk:55gi|/^#3|Sf-e$,^„ p-ZnS ^#^^^b/c{tM^^f*V>^f£^^$tbTVN/^ 
V\ ^(Dfz.^, ^(D^^^^^fc;?)^fc;5^10'Qcm*T*(D^SMb^^^^$^^T*3^>'f , ^ 

[0006] tt^^fe. Cu (iZnS . ZnS>e\Z.WM^fl^t^fl^fl1^12^0. 650 meV^V ^5?^V ^Ti5^ir 
[0007] j^_h(D J;5^ceit^^5iL(D tt^-e. =e§5fe^fJ-^^^7'^ofcCu^;5lP?g^f*fc;5^f£;?)^10''cm"' ( 

0.05at%fc§V^{*a =0. 001@S(-^^)*-e(^^iS-efcofCo Cu{*_h|B<D J;5 
ZnS, ZnSe\Z.id\^Xm\^T^'^-:f^m\u.^n^J^^^^ht^^hflX^f^o ^(DT^-^-:f 

S<^Jt)^*. ^?a{c:*3V^Tfc;?)^/c;?)^10''fe§v^}*-?:ti.J^T-efe6o '0«Jx.^^. lo'WcD 

mS(0.05at%fe6V>}*a =0. 00imSf-ffi^^)-eCu^^;&Pbfca^t;i#t>tl.S=3r-^ 

yT|iS{*10"cm''-eS>«9. 10''cm''(D^ii^(5 at%fe;5V ^{i a =0. l^^Si^^^) "CCu 

[0008] ^fc. 35^. ^^#:|§3fem^^<^^H^-e{*;?f^;^«»§v>{*«J!l^^/.^^-^(D* 

m^mim^. w^-^^^m-h^^ ^t=r.\i'^^^^^;vm^mx-h^:Lti)^i;^Mx-^:bt^ 

fhX^fHo :^^^^-e^)^!}^^^fc°i5?=¥v'-\'/^fflS^i!bT^*ZnSfe6V^{^ZnSeO^J^^, ^ 
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[0009] : #1^3078611 (#f^tt# ^:^^y^'^^=^l^r^ &r^^=uyr^^^Vl^r^ . 7 

##fF:Xifel : Journal of Crystal Growth, vol. 197(1999), pp.557-564 / W. 
Faschinger 

##W:5:i^2: Journal of Crystal Growth, vol.214/215(2000), pp.1064-70/ A. 
Katayama et al. 

##fF:Scm3 : %m^^^^^V^-:f^y^ iM^mm. 1984^) pp..l82-185 
[0010] J^_h(Dj:57feifc»t^5iL-efe«9, ^tV*-e, Cu^rZnS, ZnSefi:}£(DZnS^^^mPfKW)WMt 

\^xMx.v^m^mti)m'm.^fi^^t\-ti-£f)^^fz.. '^Mmi-^Kx^fz.cnmMm& 

fifc;5^/c;6^10'W(0.05at%fc^V^f^ a =0. 001@St-^^)*-e(DiiS'efe'9, ^ 

1 . mm(D^m^m\^^^ ^xcntm^ ^T^^-:^^mm:f^im'^^hii^^htix\ > 

2. cu^»bfczns-ef*, cu»aSo. oiat%ii;_b-e^3fe^*;^»s*b<^Mbi-§ 
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&<±(DXo^i:^m^h. ^tih<Dm'cu^hKWi\^ ^cummmm'c<Dmm.<^\^<D 

[0011] _hiEM^^t-^fcj?)(;i. :^mm(D'^mi^um^. cnmMpmznsm^mw^u 
[0012] wc^mm(Di¥^mi^um^. mmns^^^mw^umK mmMzn cu a 

l—a — ^ — y a jS 

B S Se Te )(0.004^ a ^0.4, iS ^0.2, y ^0.2, O^x^l, O^y^O.2, x+y^ 

y 1— X— y X y 

1. A, Bi-icd. Hg, T/]^^v±m^m7!)^hmi-£ti^5cm)x^:^fh^'4^mi^mxh 

[0013] ^f:i:$imm(Di¥^mi^mi-±. mmm^^<Di¥'^WiUm^^^ ^-C. A:6SMgT*fe6^> 
[0014] ^^#:;H-3^^#:f*ZnS-et>ZnSe-T:?ti. ^hK:z.tlh(Dmi^UnXhX^ \ * 

CumMmS. a ^0.004-0.4 (0.2-20at%) ^L/c^#. ZnSJ^WJ^^^S^g^g^p^it-^ 
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[0015] ;$:^0^(D^^^*:#3|sf^:±, Au. Pd/.e^<D±#/^a:*B8^^*i-S^«f*^>^J:»9 
^ITO (Indium tin oxide). ZnO. Ga O , SnO f^}£ h^:t—^-y^W^fi^l^)3^'^^'^-h 

2 3 2 

NK— :7VZnSe^C*DV^-C{*. m^M^M^p-ZnSer^ tCpMiSffi^^k/S^^^/^ 
ZnTeMV ^fc#*^#F (MQW) Wjt^ff^^i-^^ce^c^S^;^^^^^^!.!:^^^ (# 

W(*i£^^Tb^>ii^^S-T?;tev\'^r|x.{^ffiiS;teil*^g(F!l^f«^Sio"W@g)^fiJ 
ti)^X^^(DX. ^(OUm^mxJ?^U'M.(D':fy:^'^v^UWm>m^ir^^tt^X^ 

•So 

[0017] ii-eCu^;(jP^SS a fiO.004— 0.4(0.2— 20at%) X^Xi. M*b<{* a ^0.02— 0.24( 

1-12 &t%)x^^o cumMmmam.Q2{.i&t%):^-ra)t^m=f-w^wmM'r^m. 
cxmnm&. a :55o.oo4(o.2at%) }^T(Dm^ia^MMKWi7im^mM\^io 
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^m-&m<D^mMmm^^rir^m\ii]7f)^h^o cummm& a m.z (i5at%) 

2 

. 'iai£^pM(DmM#ttf*l^#i-§^^^S-e^;5^(Z)(D, CuS. Cu Sfc^V^fiCuSeJi 

2 

[0018] mnAi^w^(D%mmm-±. ^ v >fc^i-/.et?-^cu^K-:7^$ttTv >/^v n 

i^flX^fz.^O\Z.^ 2mm&^±Mt\^X^(D^m. 'tfi:t>1b. Znm^(Dj^XU%. Cd 

^ht^x^ho m^. u^mxKi:-^x=ru:^;v^—^^-y:^i)mi<^. ^^^mmm^ 
^m-^fh^(ox^ ^^m^^^t\^x(Dmm\^^mx-h^, ^fhh\^x.<>x^^>YTy 
-(?^^^v^m^^^mm^m'^^^^'rnmm.^mm-^^ti)^x^^. 
[0019] wc^mm^^mPfUPcn. mn^^mw-um^. mm.v^-^O'Vtx.xci. Br. u 

lO"— lO'W (5X 10"*— 0.5at%t;i^S^^)-Cfe§t)(D^-a-ti>o 

[0020] um\tm:mm\^^'rh(Dx^ht,^. (DmMM^(D^^^. cuWiwznsw^mw- 

UPc\±. El 12(^J;5{il a =0.004— 0.01(0.2— 0.5at%)<DrX^V>iEfife$5ffllil*3V>-C 

mm^mti^. ^fi&.Ai(DCnmMmw^xnmfim(Dmtm^j^mt\:Ln\^x4^ 
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^KW-^^-hf^Cl, Br, I, Al, Ga, lnt^hmi-£tl^{i^ti:<t^im(D}<^—^OhtU 

0.004— 0.01(D^^-e#fe^x6=¥-YyTmSfil0''||—10'°cm''cD:^—y—-efe6o^ 

(Z)fcfe.r<D=ar-YyT^iS^^M<^fiiC{;imTOi-SM«Kw-?^^hligirUTf*10'' 

-io'W'(Dt5lS-trfettf^^5>t-I^Mffi(oM«K-^-?^-h^bT(D^#J^ilMi- 

[0021] f ^cCt?-^;*:^P>g(D^^^W^sf , C\xmv<m(D7frQfi:<.^ M^K-^-^^-h ( 

compensator) ^fflV>T^O®^^^|^^-r;5^^:e>5 BTtg-efc^o M^K— ^-^^^birb 
t^e5l5ZnS^^2gf*(DnMK— ^-?>'^i:LT'(£ffi$t^TV^SCU Br, I, AU Ga, In;?iSflJ 

[0022] -^fzJf.m^)\(D'^m^m^P(\^. tiftB^^#:TOdS^ 470nm-750nm(C*5Jt§3fe^i|X 
[0023] ^fc;^^0^(Dii^^#:W^«, m^^^m^m(DW''^W^m^\^'^ Q cmj^_hl0' Q 

[0024] *fc;^^PJ(Dii^^#:#^S^^i, *ff|Sif^^^M3|Sf(D=3r-\'yTmS>55l0''cm"'j^±10'' 



wo 2005/076373 



8 



PCT/JP2005/001596 



[0025] wc^m^(D'^mi^m^\-i. ±m'^mwun^^(D-mm\^tc-h(D-x?h:6o $ 

[0027] ^/c. ;^^PJ<^¥^#:m^fi. ttflE^^#:#3^;5S. T^^vyry^m-^tii-i^'^^ 

^(Dmm^x^.m^^xm<thiE^mAmmmtvx(D!i^m^^^nhti^ti 

mmh^\^^i-i)^mm(Drmmimm^^^t^c^mwm^^i'f)^x^^o -rt^t^t, 
. m^it:if^:^^^y:^^^yi^mhmmunt\.xmm-^mxh'o. i^mi^m^<DU 

untvxm^^^^t7!)^x^^fcib^±mm(Di¥^mi^m^(Dmm>-^mxh^o 

[0028] *fc;2^^0j!(Z)^^#:m^(i. T^7vyr:^m-^fz.n^1^^9.^<Dm^m^^\^X 

m^^n^^t^^x^^o 

^fc. znSe/znTe MQwrnm^^hth^x^f^i^^L—zumm^i^^mir^m^^^t 
[0030] ^mm<D'^mw-umti^ myt^x:^^-Di&u^<Dpmzns^'^mw-wnxh^^ m 
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[0031] mwmm(Dm(D-mmmm(D'^mw-m%m^^^'rm 
m 

[0032] 11 

12 ITO 

13 mnmmoE^^xmwmm) 
14 

15 nMrnffiscm^i^AfflmffiiB) 

16 ^ri^^ 

17 m^ss 
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18 

21 mu 

31 nMZnSe^^K 

32 NK— :7"p-ZnSeS 

33 Cu^;(jPpMZnSeJg 

34 Au^^ 

35 InMM 

[0033] )^-r.^mm(D'mm(Di^m\z.^\^xnm^^o 

^cD^3fe^W;r-K{*. Il|lt;i^i-J;5f-. jE?L?3iAffl¥##:JB(pM¥^#:JB)l3 

12 (Hffsoonm) ^^^u ^<D±{z.iEimAm^mi^m (pmi^mw-m) istL-x. 

fctK.i-£. CuK— :/ZnSe^]|^^j|^i?:300nm±i^L. ^(D^K.K. ^3teJBl4(j|^if:30nm 
)^LT. ZnSe^T^/Vyr:^^^mi^^f^^U m^m^iat. InP^mtU ZnSe^^ 

tt^#i-Sm^aAffl¥#f*Jg (nM¥^#:ja) 15 (J^j¥500nm) (D#|^^H-#jjI^±i 

(DmnmTo±Kj^mvfcMfj:^(DmmisKx^xntf:i^ti. s^^aA^m^ 

a*#:ai5-^(D|^m{'iAl/^^(Z)mffil7f^J:orff^^^tt§o 

[0034] mz.^(D'^mw-m^m^<Dm^:^m\z.^\ ^xmn-r^o 
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[0035] 1112 (b) K^irX^ {cmU^300°CKM-Ul.. Id^McUl^fCo Zn-fe/V, Se-fe/V 

[0036] gcV ^T. 02 (c) {^^1" j;5 f^Zn-fe/v, Se-fe/V:jo j:i;?||3(Dj^fe5>^3te±Abfcir/V;^)^e> 

30nm^j^LfCo 

[0037] ^bT|l|2 (d) (cl^-f j;5 (il, (CI, Zn-fe/V, Se-fe/V, *5 j:U?ZnCl 

2 

(D^7^^m^Wcm^^.nmit\.fz.ZrvSmm^^0Qnmmn^^fio 
[0038] $^t^|E|2 (e) t^l. m^hf^^Wmn. 18^;!)PB^^^-e50nm(DJ¥$i:/^ 

[0039] \z.L.x'j^mutMi \^^'r^%^^^—Y^(owmn}iwmi^t(Dm\^n& 

mmr.m'^'^mmmx^^znse(Dm%mm^n^^'r^o ^t-. msicmj^-mm. 

[0040] im2(Dmm(DMm) 

7:kK. :^mmcom2(Dmmmmi^-D\^xnm'r^o 

Zn, Se. Cu(D^mM.&m^(UM99.9999%)^m\^^X. mSiC^ir X^iZ.mU^ 
ZnSe«21 (#:^®^^10^Qcmi^_h. 0:^^111)) -bf-ffi^^Pi^SK^^^S 

et;i<toT^j[^^mo ^(^^, ^mn(Du&u^ti^ti25o. 150, io5o°c^b. m 
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^<Dm^xmmm&xmmi-^tAin)m\^\^fc.m^^mmznSetmm<Dmifrm 

f)mhtl^o lCP^m^XmS.)3Z^mmir^t. Zn, Cu, Se;5S^tt^*tb45.5, 4.5, 
[0041] ^(7)jgg(DS^^$i^4^tf-?ife-etl^Lfc^^^0.008 Q cmT^fc«9#^t^t£ffifei:-trfeSo 

r<^ji^_hf;i. Au. Ai. \i:o^^fi^fi2U'^^:^^<-y^m\z.xmm^. ^mmmi 

[0042] ims<DmM<Dj^m) 

m^. ^mm(Dm3(Dmm(Dj^mic-D\^xnmir^o 

meiC^irX^K, nSZnSeS^Sl (Ga^;(jn. lO'^Qcm, 
) ^fflV^, r(D^t^_h(iMBE?i-eNK— :7VZnSejg32 (dr-ryT^iiS2xl0''cm"') 

mmm(Dmm-mj±!^^^mm'r^t. m^ir] (Aum«^iE^§g)/WT::^^3v^_h 

<Z)m^«. 20mA(D^mi)fL»]f^-ei000B#r^(D«^=ftoTti. 
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[0043] (^Jfe^lJl — 5) 

^mmmmm<D'^mi^m^^^ir^fcmc, zn. se. cuco^mm&mp^m^ 

99.9999%) MV^T. ^lbttZnSe^(^^e^^lO^Qcmi^>l_h. ®;b^mill))_h 
*^^#:-CfeofCo ■^tclCP^^{ZX^^<Dm(Dm}j^^mm'r:6t. Zn. Se. Cu Ti^^ri 

^timu&'tmt^^'^ti^^tm^^^-ofco m:k.\t. mmmiK^^^xi^. zn, se, 

Cu{*^tl.^~tL45.5, 50.0, 4.5at%-efcofCo ^tLf^Mj^fei^CZn Cu A B S 

(l-a-/3-y) a 0 T (1-x- 

Se Te a =0.09, i3 = y=0, x=l,y=0 -CSj^o 'ftfet^^Jfe 

y) X y 

^&XM^l^tlt^^mii^^irt^m.5—0.0008QcmXh^4-\^'Ml^i&U^Xh^^ 

mmmKDmAiK. au. ai. YYo^^fh^fh2M.-5^::^^<y^mx^mmmimni^ 

raPS*3J;^5mm, ii:$*5j;-?:100nm) ^fl;^^ (i-^^^-^Au-Au, Al-AU 
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[0044] mMM29) 

cum&^^i^x\^fco sEumm^^^t^thhitmrnu it^m2. mmm29(Dmn 
mm2(Dmminm\^\^timm§mmzxiSetmm(Dmmm^mi^fifco itm. 

vx\^^^ti)^^7f)^otio ^fc. it^^!ii. itmm2<D^mmi^^mm\^tit^^ 
[0045] *fcmjg^j29CDj^{*mv>igfe^MbT*5«9. -^mmi^m^mmm^ir^^t^^ 

1.8 

1.8 

Cu Sem&m.^<Dpm^^mi$^^i^^^ir^t^mhf\.X^y). CuSe*Dj:U?Cu Sei)^ 

1.8 1.8 

hti:^mmm29(DmK^\^^x. seehecmm:h^wmvfd^^. :L(Dmitpm^^mi$^ 
(D. 4¥m^ms.^(Dpm^mw^tvx(Dm^^^vx\^^^tTi^t>7!}^^tio ^(Dmi^ 

Au. Al. no^^ti'eti2U'^-D:^^<^yi^)^mu #S«rac>m^-«ff#tt^«^ 
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[0046] (^M^iie— 10) 

mmti^xmT/v:^v:ffy:^ (corningttM #7059) ^mmi^fc}iim^mmmi—5t 
mir^t. m2K^irt^'ocu(D'^^mi^mMmi—5tm^mm(Dms. (o.s— i3at% 

)-efeofCo f?!l;t{^\ MMmdXn. Zn, Se, CuU^ti^'fl^S.O, 50.0, 7.0at%-t?feo 
fCo ^tH^B.0.^Zn Cu A B S Se Te (DMn^X^Vtim^. a = 

(l—a — ^—y) a /3 y (l-x— y) x y 

0.14, )3 = y =0, x=l, y=0-efe5o 'ftft.<^IIJi^J<^ffi.^^i^#l^^2tf' til^LTfe 

f'. ©^^5-0.0015 Qcm^^b. 'tge^-efe^^^/^S^^d^ofCo $&>t-3teMtt^ 
^^bfc^r^460nmJ^Ji(DiS;g:-t?A[,-/^<^t>2.2/i m^l?®^/ce^liXf*^e>tLT 25 

t)5x loW^mm^ti^o ;5JPx.Trcojj^lc:Au, Al, iTO^-?rtv-ett2.i^<5o>^/-^5/ 

[|g2] 



wo 2005/076373 



18 



PCT/JP2005/001596 



o 

All' 


CO 


O 


CO 


o 
o 


0.26 


o 


o 




o 


0.0015 


5.0E+20 


O) 

:^ 


CO 


o 

LO 




o 
o 


o 


o 


o 




o 


CM 

o 

CD 


a> 

LU 






















lO 


1m 






















CO 


00 


CO 


o 

LO 


CM 


o 
o 


o 

CD 


o 


o 




o 


CM 
CD 


LU 
CD 
























CO 


m 


CVI 

ai 


o 

CO 


CO 

o 


o 
o 


CO 

o 
d 


o 


o 




o 


lO 


CO 

T 

LU 

CD 


lm 






















o> 


m 

mi/ 


lO 
LO" 


o 

lO 


lO 


o 
o 


o 
o 


o 


o 




o 


CM 

o 

CD 


LU 
CD 

id 
























CO 




+-» 

CO 

c 
M 


-M 
CO 

C/D 


CO 

O 


CO 

"5 
o 


53 






X 


> 


o 

a 


1 

E 
o 

m 



[0047] (^ife^'Jll--15) 



wo 2005/076373 



19 



PCT/JP2005/001596 



S{*^tb-€tb80— not:. 125— ISO'CirUfCo #^>tvfcj|^«. Seeheck^^mntl^^ 

50at%(y=0.4— 1, Z=0)-efco/Co Mx.it. MMMll'^^lt. Zn, S, Se, Cuit^ 
tl^tU5.5, 20.0, 30.0, 4.5at%-efeofCo :ittf*|M.^^Zn Cu A B S 

(1-0-5— y) a 0 y (l-rx.-y) 

Se Te (D^IE-e^bfcJ©-^. a =0.09, jS = y =0, x=0.6, y=0-t?fe^o i^<DMM 

X y 

[|g3] 



wo 2005/076373 



20 



PCT/JP2005/001596 





CO 


lO 
CM 


LO 
CM 




o 
o 


0.14 


o 


o 


LO 
CD 


o 


CO 
CD 


.3E+19 


m 




























CO 




LO 


CO 
CO 


o 
o 


CO 
CM 

CD 


o 


o 


O 


o 


CM 


a> 

+" 
LU 
O 


m 


























CO 


C\J 

uo 


o 

LO 


O 


00 


o 
o 


CO 

o 

CD 


o 


o 


o 


o 


LO 


CJ> 

+" 
LU 

CD 


m 

Ad/ 


























CM 


CO 


o 

CO 


O 
CM 


CM 


o 
o 


00 

o 

CD 


o 


o 


CD 


o 


CM 
CD 


C3^ 

+ 
LU 
CM 


m 

nil/ 
























CM 




to 


o 


O 
ro 


lO 


o 
o 


o> 

O 


o 


o 


CO 

o 


o 


LO 

o 

CD 


CD 

T 

LU 
O 


m 

fill/ 
























lO 


























CO 




CO 


? 

(0 


? 
CO 


CO 


? 

CO 

lo 
o 






>^ 




> 


o 
CI 


1 

E 
o 

m 




c 
M 


CO 


C/) 


O 

















[0048] (^»!|16— 21) 



wo 2005/076373 



21 



PCT/JP2005/001596 



. Cd. Te(D^mP^U&i-i. 500— eOO'C. 550— 260— SlO'C^UfCo ^htlfc 

4K^irt^v)(Dm^x-:h^^tibmm^titio mx.\t. mmmiGxit, zn, Mg, se, 

Cui^^tl^tU2,5, 5, 50.0, 2.5at%-efeo/Co ^tl^fiJ^^^^Zn Cu A B S 

(l-a-e-y) o /3 V (1 

Se Te (DMse.X7jkl^fc^^^ a =0.05, j3 =0.1, y =0, x=0, y=0 Xh^o fdl 

~x— y) X y 



wo 2005/076373 22 PCT/JP2005/001596 



m 



CM 








LO 


41.5 


LO 

od 


o 
o 


o 


o 


o 


o 


0.17 


0.052 


.OE+20 


m 

U'rX 




























CO 


O 
CM 








lO 


LO 


LO 


o 
o 


CJ> 

o 
o 


o 


o 


o 


CD 


CO 

o 


o 
+ 

LU 
lO 


m 

lM|\ 




























CM 


mi/ 


in 

CO 
CO 




CD 


LO 


o 




o 
o 


a> 
o 

o 


o 


CO 

o 


o 


o 


lO 
CD 


a> 

+" 
LU 
CM 


CO 


CM 

o 




LO 


CO 


O 

LO 
u ^ 




o 
o 


CO 

o 


o 


o 


o 


o 


LO 
Q 


LU 

cz> 


m 




























CM 




CO 


CO 




LO 


o 

LO 




o 
o 


O 


CO 

o 


o 


o 


o 


lO 
CO 

CD 


T 

LU 
CM 


m 

my 

L"l\ 






























CO 


lO 
CM 






LO 
CM 


o 

LO 




o 
o 


LO 

o 
o 


o 


o 


o 


o 


CM 
CO 

d 


LU 

CM 


Till/ 




























CO 


































CO 

c 
M 


w 


+J 
(0 

"O 

O 


w 
+J 

O 


^5 

+-» 
(0 

C/) 


o 
(0 

1- 


15 

O 


53 


<^ 




X 




o 
O 


1 

E 
o 

K 



wo 2005/076373 



23 



PCT/JP2005/001596 



[0049] (^M^[|22— 25) 

tf ofCo Ak Ga. IrKDmMiat. AU Ga. ln(D^mn&UP^m&99.9999%)^MMM 
(mnum^^tl^tl650°C. 600^, 575°C)^LT^IJfflLfCo Cl^jjPJgJ^^bTZnCl 
(|ifiS99.999%)^fflV\ ^<D##aSf*320'C^bfCo Zn, Se, Cni^Mx.. 
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tvfem3|Sf^^;K-h(-I^NF{cl^^LBIfM<Dm^(Oi^^±i^$-&fCo Al, Ga, In, ZnCl 
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co^mm-i-iUmmQ^^h^tc^mm^^umm (umm^±o.5%, pid$ij^) ^ 

trofCo ICP^m^Xmt. Zn. Cu, Se(D#itS}i^Ji^r|l^lll#-efeofCo SIMS5> 
^lf(c:j;tb(i. Al. Ga. In. Cl(D^m&\^^tl^tlSxlO'\ 3.5xl0''. 5xl0''. 9xl0'W 

mTl^i-i. ^^X-€tV250. 27. 38. 920Qcm-CfcofCo ^^X^(Djl^-ei*. 460nmi^>l_h(D 

^;ft-ef*ii^j^ce<^^i2.2M m^-e®^7'ce^iDi«B^;h.-f ^ 20%}^±(DmT^^^mhti 
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nMZnSeS;K(Ga^jjP. #:^ig^*-10'' Qcm. B;^Mlll))MV\ ^COmm± 
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#}tfCo n-ZnSeS;Kt-Inm«^MW^^^^^"-e^«9#Jt. Aum^^Inm«r^<omi5^ 

3VJ^_h-em^^s^i■^_h^s§s^^4^s#^,;^^/co ^/c. rob#v>mff^jgxL6Sff 

^^Mir^t. m 1 1(D J;5^cCt°— i5'^;ft465nm(D^3fei:t°— i^^;ft600nm(D7"'i:i— K 
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